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Abstract. In the 21st century, the most common cause of death in the developed countries is cardio. The Covid’ 19 
pandemic only confirms this claim that the circulatory system and the heart are possible. That is why, even during a 
pandemic, the quality of cardio remains paramount. The significant cost of solving each element of these problems is the 
main driver of the idea of developing the ideology of preliminary diagnostics, as it allows you to more quickly (and 
therefore more effectively) respond to problems. In addition, today in Ukraine (and in the world as well) the cost of 
medical care is growing rapidly and not every society can afford to pay for medical services according to the usual rules 
of 20" century. One of the solutions that Ukraine is familiar with is that the pressure measurement is now done 
independently, and not an ambulance is called (doctor, nurse / brother, driver). The authors set themselves the task of 
exploring the following possibility in the problem of preliminary diagnostics to reduce the burden on the medical system. 
The aim of the work is to test the hypothesis of the possibility of early detection of cardio abnormalities by developing / 
creating an individual mobile device for preliminary diagnosis of the condition. In particular, on the example of 
monitoring the most common problem, rapid early diagnosis based on cardio signals. The main advantage of using the 
studied approach is the possibility of early diagnosis (rapid response) to complications, which is read by the sensor and 
analyzed by the analytical system (monitoring system). A basic study and experimentally tested the basic hypotheses are 
presented in the paper. The level and number of basic tasks that need to be solved to achieve the ultimate goal are checked. 
The basic concept of a personal intellectual advisor is tested. The results obtained during the experiments are visualized. 
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Anotauia. Y XXI-my cTouitti oWHier0 3 HalOiIbU NOWMpeHHx MpoOeM CMepTHOCTI y pO3BHHYTHX KpaiHax € 
mpoOsleMv, NoOB’A3aHi 13 Kapyio. Ilangemia Covid-19 TimbkH TIqTBepKye We TBepwOKeHHA, OCKIIbKM MOOi4HI 
ycklaHeHHA — Ie KpOBOHOCHa cucTeMa Ta cepue. OKpiM Toro, HaBITb y 4ac MaHeMii CMepTHICTb Bi Kapio 
3QIMIMAaeTbCA Ha TepWIOMy Mic. 3HadHa BapTICTb BUPILICHHA KOXKHOTO eJIEMeHTY 31 3FaqaHHx WpoOsIeM € OCHOBHHM 
pyutiem ifei po3spoOKH ifeonorii WonepeqHBOI AWiarHOCTHKH, OCKIJIbKH O3BONIAE WIBUAWe (OTKeE e:eKTHBHILLe) 
pearyBaTu Ha BHHHKHeHHA Wpoosem. Oxpim Toro, cborogHi B YkpaiHi (i y CBITI TexK) HaAWBUKHMM TeMiaMu 3pocTae 
BapTICTb M€AMYHOrO OOCYrOByBaHHA 1 He KOXKHE CYCIIJIBCTBO MOxe COOi AO3BOJIMTH OMIadyyBaTH MeMYHI MOCIYTH 3a 
3BH4HHUMM B XX-My CTOMITTI MpaBHaMu. OHM 3 PillleHb, 3 AKHM 3Halioma YKpaiHa (BUMIpIOBaHHA THCKy), Tellep 
poOvTBcaA caMOcTiMHO, a He BUKIMKaeTbcaA Opuraya WIBHAKOI AonomMoru (ikap, Meycectpa/Opat, Boil). ABTopu 
HOcTaBHIM Mepex coOoro 3aqayy AOCIIANTH HaCTYHHY MOXKJIMBICTS B 3aayi MOMepeAHbO! AlarHOCTHKH JIA 3MeHWICHHA 
HaBaHTaxKeHHA Ha MeqM4Hy cuctemy. Mertoro poOoTu € HepeBipKa TilOTe3H MOKJIMBOCTI PaHHbOrO BHABJICHHA 
KapAIOBIAXHIeHb WWIAXOM po3poOKH/cTBOpeHHA IHAMBILyaIbHOrO MOOIIbHOTO MpHcTporo MonmepegzHbO: WiarHocTuKU 
ctTaHy. 30KpeMa, Ha UpukKaqi MOHITOPHHTy HalOiIbUI MOWMpeHO! MpoOseMU WIBUAKOI paHHboi iarHOCTHKH Ha OCHOBI 
KapaiocurHamB. [onoBHoro HepeBarolo 3aCTOCYBaHHA JOCIIKYBAHOTO TiAXOAY € MOXKJIMBICTb paHHbOi WiarHocTuKH 
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(LUBHAKOrO pearyBaHHa) Ha yCKaqHeHHA, UO 3HMTYETECA aBaueM Ta aHasli3yeTbCA aHaIITHYHOIO CHCTEMOIO (CHCTeEMOIO 
MOHITOpHHTy). Y poOoTi noKa3aHo 6a30Be JOCIIAPKCHHA Ta EKCIepHMeHTAaJIbHO HepeBipeHo 6a30Bi rinoTesn. [lepesipeno 
PplBeHb i KWIBKICTb Oa30BHX 3afa4, AKi MOTPIOHO BHPILIMTH AIA DocarHeHHa KiHWeBOo! MeTu. IlepeBipeHo Oa30By 
KOHUeMuii0 MepCOHaIbHOrO iHTeeKTyaIbHOTO payHHKa. 


eKCIeCpHMeHTIB. 


Bi3yai30BaHO pe3yIbTaTH, AKI OTpHMaHO Ti, 4ac 


Ksro4yosi c10Ba: MOOWIbHI, MepcoHayIbHil, UpucTpoi BiqOopy AaHux, MefW4He OOcuIyroByBaHHA, MaluMHHe 


HaBuaHHa. 


Beryn 

Metoro poOoTu € TepeBipka rinoTe3u 
MO?KJIMBOCTI paHHBoro BHABJICHHA 
KapIOBIAXHJICHb WWJIAXOM 
po3po0Kn/cTBopeHHs iHMBIyasIbHOrO 
MOOIIBHOTO IIPHCTPoro momepeqHbOI 
JMarHOCTHKH CTaHy Ha 6a3i iHTeJIeKTyaIbHOTO 
paguuka [17]. 3o0kpema, Ha mpuKuazi 
MOHITOPHHTy HaiiOiIbu MOWMpeHol 


TIpoOJIeMu — WIBUAKOI paHHBol WiarHocTHKH Ha 
OCHOBi KapOCHTHasIB. 

Anasi3 ocTaHHix jocuigKeHp = i 
ny6rikaniit 

3a manumMu BeecsiTHboi oprani3arii 
OXOPOHH 30poB’s (BOOS), ceplteBo-cyqHHHI 
3axBopropaHHa  (CC3) €  mpoBiqHoro 
IIPH4MHOIO CMepTi y BCboMy cBiTi. bu3bKO 
17,9 MiIbHOHIB Joe MOMepsIM Bit, Cepl[eBo- 


CYMMHHHX 3axBoproBaHb y 2016 _ poli, 
TlepeBaxkKHO Bil CeplleBHX 3aXBOPIOBaHb Ta 
idcynbTy [1]. WUlopoxy ix  kiKicTb 


TIpowoBxKye 3poctatu. Tomy aprepiabHnit 
Tuck (AT) OyB noTeHiiHuM dakTopoM 
pu3HKy cCeplleBo-cyHHHUX 3aXBOPIOBaHb. 
BumipropanHa AT € OHM 3. HaliOiIbIl 
KOpHCHHuX TapaMeTpiB Id paHHBoi 
JMarHOcTuKH, TpodiwakTHKH Ta JikyBaHHA 
ceplleBo-cyHHHUX 3aX BOPIOBaHb [2]. 
AHoMasIbHHH AT € MoTyKHOIO TpoOsemoro, 


aKa CIIpH4YHHAe iHCyIbTH, iH*apKTH Ta 
HupkoBy HegoctaTHictb [3-5]. I 31 
301IbIICHHAM  [IPOJOBXKYBaHOCTi %«KHTTA 
poOsema ctadiwi3zaiii MoKa3HHKIB Oyye 
TIJIBKM HapocTaTH. 

BuOyxope 3pocTaHHA pO3BHTKy Ta 
KOMepliMHOro §=— BIIpOBaKeHHA =y = cdpepi 


MeHIMHU Ta CHCTeM LITYYHOrO 1HTeIeKTY Bi 
JHOJICBKUX KOMYHIKalllii, TIOOai3allil PHHKIB 
Tpalii WO po3smupenua IntepHery po3yMHux 
peyeit ta Ingyctpii 4.0 pa3om 31 3pocraHHamM 
IIpOAOB%KYBaHOCTI *KUTTA IIpH3Bes10 
(CTHMYJIFO€ OMT Ha 301JIbINICHHA WIBHKOCTI) 
JO HEKOHTPOJbOBAHOTO 30LIbIICHHA MOTOKY 
inopMatli, sky HeOOxiZHO oMpallroBaTu B 
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Pe@xKHMi pealbHoro uacy. Kideprepopu3m 
BHOCHTb JOaTKOBI TpoOsemu B mpolecu 
Tlepeyqaui, OTpHMaHHa, OOpoOKH  BewIMKHX 
Hadopip yaHux. Ilangemia Covid-19 ta 
MyTallili Bipycy le OiIbIlle 3MeHIIIyIOTb 
MO2KJIMBOCTI TpagMuiiHot MedM4HOI 
JOMOMOTH Ta TOKa3yIOTb, IO PyX JOACbKHX 
MOTOKIB CTAB HaCTIIbKH JMHaMi4HUM, IO 


HeOOXi2Hi HOBI MiXxoqu He TIIbKH JIA 
mogouaHHa Covid-19, a iH y BUpileHHi 
cTaHapTHux MeH4HHX pillleHs. 


XiMiOTepallid pa30M 3 IIPOMeHeBO!IO Tepallicro 
Ta oOMepaTHBHUM BTpydaHHAM MToOKpalllye 


BWKHBaHHA XBOpHX pakom [7]. Ovynak, 
3aCTOCYBaHHA «BaxKKMX)»> TepalleBTHYHHX 
(XIMI4HHX) pemapaTiB, y TOMy 4HCoI 


aHTHOIOTHKIB, Ma€ KapAIOTOKCHYHY ito, WO 
BUKJIMKa€ He3BOPOTHI IIpolecu KapOMILMHIB 
aK JO po3BHTKy arlonTo3y. JloporoBn3Ha 
BUpiMICHHA KOXKHOTO eJIeEMeHTY 31 3rayjaHux 
IIpoOJIeM € OCHOBHUM pylieM igei po3spoOKu 
ieosorii TlepelarHocTHuKH, OCKIJIBKU 
WO3BONMe WBHTWIe (OTKe, edeKTHBHille) 
pearyBaTH Ha BAHHKHeHHA mpoOsiem. 

THTerpatlia esIeMeHTIB CHCTeM IITydHoro 
iHTeJICKTY y CHCTeMH TATPUMKU 
%KUTTEMAIbHOCTI CbhOroyqHi € TOJIOBHOFO 
TCHJCHIMEIO Ha PHHKY MOOIJIBHUX TIpHCTpo'B. 
OcoOsmBo We CTOCyeTbCA AaBTOMaTH30BaHHX 
CHCTeM pOSIIi3HaBAaHHA Ta KJlacndikali y 
Kidepdi3su4HHx cuctemax [8-10]. Takum 
4HHOM, MH MTiqxoqHMO 0 morTpedu 
BIIPOBaMKCHHA HOBHX pillieHb y WiarHOCTHII 
KPHTH4HUX 3aAXBOPIOBaHb. 


TlocTaHoBka 3aya4i 

Ilepespipka MoxIMBOCTI/eeKTHBHOCTI 
iHTeplipeTaiiiHoro HaBuaHHA B CHCTeMax 
ocoOucToi paHHboi HeiHBa3iMHoi WiarHOCcTHKU 
KaplOCTaHiB, AKi peasii30BaHi Ha OCHOBI 
HeJOporux aTYHKIB, CHCTeM aHaJIOrOBo- 
Wudposoro TlepeTBOpeHHA, CHCTeM 
TOWaBICHHA UWyMiB. Po3B’s30K BKIIIOUae B 
ceOe MOMIyK MpHHMMOBOi MOX*KJIMBOCTI 
ONTHMasIbHOrO pileHHs IlHa-AKICTb 
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TlolmepeHBOI JarHocTuku B Ile@pCOHasIbBHHx 
CHCTeMax. 


Martepiasm Ta MeToqu 

Ba30Bi TeopeTHyHi 
ejleKTpokapyiorpamy (EKT). 

Enektpokapqiorpama po3jiieHa Ha [Ba 
OCHOBHI iHTepBaM: PR-inteppan ta QT- 
iHTepBall. 


BIJOMOCTI TIpo 


Puc. 1. 3aranbHa cxema evleKTpokapAiorpamMu 


Tatepsas PR [11] —e nouatKosa xBuia, 
UO TeHepyeTbCaA eJICKTPH4HHM iMITyJIbCOM, 
aAKuM PpyxXa€TbCA Bi, MpaBoro MepeycepyzA Wo 
mBoro. IIpape mepeycepia — mepiia KaMepa, 
aka OTPpHMye eleKTpHuHui imiybc. Lei 
esIeKTpH4HHit IMITyJIbC BUKJIMKa€ 
«eNOJAPH3alll1o» KaMep. Koum esekTpHu4unuit 
IMITYJIbC IIPOXOJMTb Yepe3 BePXHIO 4YacTHHy 
ceplif, BiH BHKIIMKa€ CKOpoueHHA JIBOTO 
llepeyzcepya. Y HOpMi TpuBaslicTb iHTepBasly 
CTaHOBUTb Bi 0.12 Wo 0.20 cexynan [12]. 

Txteppan QT [11] — Bksrouae B cobi 
dparment QRS, mig 4yac sakoro oOnyzBa 
UWIYHOUKH TOYMHAIOTb lepeKauyBaTHCb. 
IIpapuii wsryHouoK MounHae TepeKayyBaTu 
Te30KCHreHOBaHy KpoB y JIereHi Yepes JBy Ta 
lIpapy jiereHesi aptepii. Jlisuii wutyHouoK 
TaKOXK MOUMHAE MepeKauyBaTH CBDKY KHCHEBY 
KPOB Yepe3 aopTy B pelliTy Tia. 

Ilicia MouaTKOBOrO CKOpOUeHHA HacTae 
cerMent ST. Enextpw4Ho cermMent ST focuTp 
THXHH, OCKIJIbBKH We 4ac, KOM WITyHOUKH 
yekaloTb Ha "NOBTOPHY OMpH3artiro". 
Hapemti 3yOeub T ctae mpucyTHim Aa 
aKTUBHOi <«pesiakcaili» ado po3cmadmeHHA 
uuryHouKis. Ila casa po3scmaOmeHHa cKH ae 
UWIYHOUKH, WoO 3HOBY 3alOBHHTH ix 
llepeycepaMnu. 
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Js JOCIIPKEHHA MOXKIMBOCTI BiDOOpy 
maHux Oyo oOpaHo Hab momMpeHnit 


aHaJsIOroBuit iHTerpoBaHnit 010K 
BUMIPIOBaHHA CepyeBoro putMy AD8232 [11- 
16]. Jjarawk  BHKOpHCTOByeTECA = UIA 


BUMIplOBaHHA eJICKTPHYHO! AKTUBHOCTI CepriA. 
Ila enekTpw4uHa aKTMBHICTb MOoxe OyIu 
BI3yasi30BaHa/mpeyzCcTaBieHa AK EKT. 


AD8232 3aCTOCOBY€TBCA TA 
BUMIPIOBaHHA OionoTeHuiay. Bin 
IIpH3HaveHHit WIA BUJIYACHHA, MOCHICHHA Ta 
*binbTpawii HeEBeJIMKUX CHrHasiiB 


O1iOnMOTeHIMaly 3a HAaABHOCTI 3aBayl, TAKMX AK 
Ti, UJO CTBOPIOIOTBCA PyXOM aOo BiTWaIeHuM 
PO3MiII[eHHAM eIeKTpozis. baok AD8232 
%KMBUTbCA Harpyroro 3.3 V i Mae KOHTAKT WIA 
BMHKaHHA Ta BUMUKaHHA 2%KMBJICHHA. 

BaxkIHBOIO OCOOJIMBICTIO 
idTerpoBaHoro OnoKy AD8232 e€ Te, mo 
CJIEKTPOAH Mi’ €EHYIOTBCA JO CAMOFO MOJLYIIFO 
yepe3 3.5 mM Jack-po3’em. Le cmpomtye 
BUKOPHCTaHHA, OCKUIbKH Y Oy tb-AKHi MOMCHT 
yacy MO#KHAa BIM’€qHAaTH evIeKTpON Bit 
MOLLYJA. 

Bie ut WeTasIbH1 TeXHI4HI 
XapaKTepHCTHKH JaTYnKa MOKHA IpOuMTaTH B 
odimiwHit BoKyMentamii [13]. Jlaraux He 


PeKOMeHOBaHO BHKOPHCTOByBaTH AK 
MeqM4uHe OOsIaqHaHHaA. 
Ja IIpoBeqeHHA eKCIIepHMeHTYy 


BHKOpHcToByBallacb myiata Arduino UNO. 
Buriay W1aTu 3Bepxy ToKa3aHHit Ha puc. 2. 
Bursiay 3Bepxy HaTauKa AD8232 noKa3aHuit 
Ha pu. 3. 


te TTALY 


P28 wel 
.. —_ 
os “= ARDUINO 


; = 


] oom Ao me oo 


Puc. 2. [Inara Arduino. Bursay 3Bepxy 


Tlepemik KOHTaKTIB JaTanKa: 

GND — 3emu14 

3.3V — roc Ha 3.3 BOuIbTa 

OUTPUT — Bigmosigae 3a cHHral 3 
eJIEKTPOIB. 

LO- — feTeKTop esIeKTpoOIB (-) 
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LO+ — fleTeKTop esleKTpomIB (+) 
SDN — KOHTaKT KOHTPOJIO 2%KHBJICHHA 
yaTunka. 


OUTPUT 
Lo- 
LO+ 
SDN 


ry 
@® sparkfun 


Puce. 3. Taraux AD8232. Burnay 3Bepxy 


TliqkmroueHHa yaTauka BilOyBaeTEca 
HacTyNHUM 4HHOM. Kontakt ZaTunka GND ta 
3.3V Tid’e€HYEMO 0 BIZMOBINHOrO KOHTaKTa 
Ha mati. OUTPUT yo HymboBoro aHasIoroBo 
Buxony (AO). LO- ta L0+ BignoBiqHo 70 
uudposux minis 11 ta 10. Kontaxt SDN B 
JJaHOMY CKCIIEPHMeHTI He BAKOPHCTOBYBaBCA. 

EjlekTpoau Wiz’ €{HaeMO BiTTMOBIZHO 0 
TlO3Ha4eHb Ha HUX. Y HallloMy BHTayKy 
BHKOpHCTaHa CxeMa 300paxkeHa Ha puc. 4. 


> 
——, * . LA 
eee 


Puc. 4. Cxema MiqKIFOUCHHA eIeKTpOTIB 


IIporpamHynwi KOA WIA TecTyBaHHA 
B3ATHH 13 OdilitHoro po3spoOHuKa AaTuMKa 
[14] ra noqaHui 3 KOMeHTapsMH y WoNaTKy A. 

Y kom icHye WpocTeHbka iH{uKalti 
THKIOUCHHA eJICKTPOIB, WIA boro 
B34MTYIOTBCA ai 13 BxoniB LO- ta LO+, ako 
Ha OJHOMY 3 BUXOJB € Halipyra, TO esIeKTpoqu 
aOo He IiZKKOUeHI, a0O MarOTB TloraHnii 
KOHTAKT 3 TUIOM. Y pa3i, AKIO Ha KOHTAKTI 
LO- ta LO+ Hemae Halipyrn, TO MO*KHa 3HiMaTH 
qaHi 3 WaTanKa. 
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Jjua moOyqoBu camoro rpadikxa EKT 
BHUKOPHCTOBYIOTLCA aHi 3 AHAIIOFOBOTO BXOJY 
AO. 3 AD8232 mu oTpuMyeMo O3HadeHHA Bi 
0 no 1024. OrpuMaHe 3Ha4ueHHA BUBOJUMO y 
TOTIK aHHX. 

Bue onMcaHi Ji BAKOHYIOTS Y WK 3 
iHTepBAIOM B OHY MidlicexyHny. [nA 
BHBeeCHHA rpadika $BHKOPHCTOBYeTBCA 
idctpyMent <«IInoTep 0 mocsuiqOBHOMYy 
TH{KIOUCHHIO», AKHH MicTuTbca y Arduino 
IDE. Bin Oyaye rpadik 3amexHOCTI BUXOy 
maTunka AO Bil yacy. 


Puce. 5. [puxnay 3Hatoi EKT 


Ha puce. 5 noyaHo npuksiay 3HATOI EKT. 
Ha puc. 5 MoxkKHa BUIWIMTH KOKeH PparMeHT 
EKT, aki OyM TlogaHi Ha puc. 1. 

CurHasl MICTHTb TeBHHM piBeHb LIyMy, 
aku MoxKe OyTH MOB’ s3aHHii 13 2%KHBJICHHAM 
miaTH Bit HoyTOyKa. Tomy B TojabumMx 
eKCIIepHMeHTax Oyze JOCIILYKEHO 
3acTtocyBaHHa AD8232 3 aBTOHOMHUM 
2KUBJICHHAM. 

AuHasliTH4Hi OCPKeHHA CHCTeMH 
po3mi3HaBaHHa i xkylacnudikalii cTaHiB 
IIpoBe {eH Ha OCHOBI cliewiasIbHO 
CIIpOeKTOBaHO! TIMOOKOi HeiMpoHHO Meperki. 
JIia HaByaHHa Oyo BuKOpucTaHo 48 
TMiBroqHHHUX YPHBKIB 0a3H WaHux 
Maccayycetcbkoro TeXHOJOF4HOro 
idcTHTyTy. basa faHHx oTpHMaHa y 47-mMu 
yocmiyKyBanux JlaOopatopiero aputmii BIH 
MiK 1975 i 1979 pp. J[BagquaTp Tpu 3amucn 
Oy OOpaHi BuTayKOBHM 4HHOM 13 Hadopy 
4000 24-roqMHHuXx aMOyaTOpHUXx 3alIciB 
EKT, 3i0panux y 3MillaHoro HacejIeHHA 
CTaIlOHapHUXx TMallicHTIB (O1u3bKO 60%) Ta 
aMOyJIaTOpHUX TWalicHTiB (O1u3bKO 40%) y 
OocToHcbKii JikapHi bet-I3paine; pemrra 25 
3alHcip Oy BuOpaHi 3 TOrO %* HaOopy WA 
BKJIKOUCHHA MCHIL MOWMpeHHXx, asle KTHIGHO 
B3HadyMIMX apHTMi, AKi He OymM 6 oOpe 
IipeqcTaByieHi B HeBeIHKi BHTMAa_KOBI 
Buoipui [15]. 
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Posnogi kKiaciB m0 Hadopy WaHux 
HepiBHOMipHui. Ak Oys0 BKa3aHO B OTIMCI, 
Oy10 BiITOpaHo ciheyHi4Hi THM apHTMii, AKI 
MaloTb KJUHIi4He 3Ha4eHHA. Hioxue nogqaHnit 
Tepesik K1aciB Ta PO3MOAiI 3alMciB 10 HX. 


TaOsuusa 2.1. [epesix k1aciB B HaOopi JaHHx 


Tlo3HayeHHa Ha3Ba ene 
3alHCiB 
N-0O Non-exotic beats 72471 
S-1 Supraventricular ectopic 6431 
beats 

V-2 Ventricular ectopic beats 5788 
F-3 Fusion Beats 2223 
Q-4 Unknown Beats 641 


KooxkHuii 3allMcC MICTHTb K 3Ha4eHb, B 
AKUX Teputi x-/ jleKaTb B Wiala30Hi Bi O yo J, 
a OCTAHHE K-Te 3HaYeHHA - Ie MiTKa KJIacy. 

Bi3yali3yeMo 3allMc 3 KOXKHOTO Kacy 


Puc. 6. Knac HeeKoTHUHUX yapiB 
(N, Non-ecotic beats) 


Puc. 7. Knac yyapis mo3a WwIyHouKaMu 
(S, Supraventricular ectopic beats) 


Puc. 8. Knac exTomi4Hux yqapiB WWIyHOUKIB 
(V, Ventricular ectopic beats) 
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Puc. 10. Hesu3nHauenuii kmac (Q, Unknown Beats) 


Ekcnepument 


Olinka AKOCTI 
AkWIO ToOpiBHATH cerMeHT QRS 


otpuMaHoi EKT 3 pi3Humu Kylacamu 3 0a3H 
JaHMX, TO MO2XKHA BiJKHHYTH kKy1ac Q, OCKIJIBKU 
BiH a0O He MICTHTb 4ITKO BUpaxkeHOrO KINA 
CerMeHTy, a00 Mae 3aHaTO BUpaKeHHit 
KiHellb. TakooxK MOoKHa BIZKMHYTH Kulac F, B 
aKOTrO cerMeHT QRS 3a3BH4ali Mae mWIaBHul 
xapakTep. 

3 1HWIMMM KilacaMH TPOXH BarkK4e, 
OCKiJIbKH BOHH MaloTb He Taki 4ITKO BUparxKeHi 
CerMeHTH, TOMy oTpeOyroTb O1BLIOI 
MiTOTOBKH. 


Y3arasIbHeHa Bi3yasli3allia 
€KCIePHUMeHTY 

IIpotaroM ekcilepHMeHTy OysI0 3HATO 
YOTUpH THM y3arambHeHoi EKT aya srogen 3 
pi3Horo Baro. BapTto 3ayBaxKHTH, WO B 
Haiikpalyux yMoBax Oyo 3HaTO EKI’ Tumy 
Nel: y3araibHeHuli eKcliepHMeHT OysI0 3HATO 
y exKayomy MosoxKeHHI. Yci inwi EKT 6ynu 
3HATI Y WOOKeHHI CuazAaH (puc.11-15). 
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a) 6) 


B) r) 


Puc. 11. a) 3Hata EKT Ne 1. Bara 72 kinorpamu. 
6) 3Hata EKT Ne 2. Bara 60 kimorpamis. 
B) 3Hata EKT Ne 3. Bara 80 kinorpamis. 
r) 3aata EKT Ne 4. Bara 100 kimorpamis. 


EkKciepHMeHTH l0Ka3y1OTb, WO mpH 
301JIbIICHHI Bar AKICTh JaHUxX 3HWKYETBCA. 
Tomy Wel aTauK He TiAXOMTb TO roel 3 
HaJJIMMIKOBOIO Barolo. 

IIpoanasi3zyeMo OTPHMaHi pe3yIbTaTH. 
AHasi3yBaTH OyeMO TIWIBKM Meplily Ta Apyry 
EKT’, ockitbkKH TpeTA Ta 4eTBepTa MaloTb 
3aHajITO MOraHy AKICTb. 

Jia moyaTky morpidno Bupi3zaTH 
HOTpiOnui pparMentT i3 3amMcanHoi EKT. Yeci 
3amucnh y 06a3i aHHx MOUYMHAIOTBCA 13 
cepeaqMHu cerMeHty QRS Ta 3aKiH4yIOTECA Ha 
cermeuti ST. 
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Puc. 12. Bupizanni pparment 3 EKT Ne 1 


Puc. 13. Bupizannit pparment 3 EKT Ne 2 


Hopmani3yemo yani. Ja Bisyami3zarii 
TaKOro Hadopy BHKOPHCTOBYEeTbCA HacTyMHUuit 
TMX: X TOPiBHIO€ HOMepy YacTHHH 3aliucy, 
a V JOpiBHIO€e 3HA4eHHIO 4acTHHH (Biz 0 Jo 1). 


Puc. 15. Iligrotopnennit cbparment EKT Ne 2 


Pesybrat: 
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KiacuikyBaTH oOnzBa 


(bparmenTu ak N — kylac, TOOTO 6e3 BIAXHJICHb. 


BucHoBoK 

Y  podoti epesipeHo = rimote3y 
3aCTOCYBaHHA HeOporux MOOWJIBHUX 
IIpucTpoiB WA BCTaHOBJICHHA 


TlepewindapKTHuX CTaHIB. 


3a JOMOMOTOLO 


Cepii eKCIIepHMeHTIB OysJI0 BCTaHOBJICHO: 


e(eKTHBHICTB 

KOHUeHMI 1a 
TaKOMY THI 3aa4; 
iJeHTHiKOBaHO = podsiemy =“ WiHa- 
AKICTb: WifOip eseMeHTHOi 6a3H, 
30KpeMa JaTYHKIB BiqOOpy WaHHx, 
MO2xKe 3MMCHIOBaTHCA AK 3a 
IIPHHIUMIOM BaroBHXx KaTeropiit; 

WIA elieBux MOOiIbHHX pillIeHb 


3alIpOMOHOBaHO! 
BHKOpHCTaHHA = 


MlOTpiOHO po3B’s3aTH 3aqady 
TOaBsIeHHA TeXHOreHHHX  LIyMIB, 
OCKWIBKH nIpu eKCICpHMeHTax 


po3noyisieHe %KMBIICHHA TIpH3BONMII0 
JO 3MCHINCHHA WTyYMiB Ha BiJMIHy Bi 
IeHTpawiz0BaHoro. JjoqaTKoBi IyMu 
BHHUKAJIN Tp Tid’€qHaHHI HOyTOyKa, 
AKU %KMBHB cucTemMy uepe3 USB- 
TIOPT, 10 2%KMBJICHHA 3 Mepexi. 
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